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Dear Professor Hayes,
Since I last wrote to you, the scope and seriousness of the inter-
national scientiﬁc criticisms of the Séralini (2012) paper appearing
in your journal has made me realise that my comments about the
paper do not adequately describe the serious failures that have oc-
curred in the peer review process at FCT.
I urge you to include attention to the following documents gi-
ven below in your response to this issue.
A classical contingency table using Chi squared test can show
that random variation is sufﬁcient to account for the deaths occur-
ring in this trial. The tumour numbers can similarly be assessed. I
thus call for a full conventional statistical assessment be made of
the paper, and made available in the journal. It is urgent also that
full description of the experiments also be provided.
Sincerely,
David Tribe
University of Melbourne
A sample of recent severe commentaries about Food and Chem-
ical Toxicology are included below
Review of the Séralini et al. (2012) publication on a 2-year
rodent feeding study with glyphosate formulations and GM
maize NK603 as published online on 19 September, 2012 in
Food and Chemical Toxicology
http://www.efsa.europa.eu/en/efsajournal/pub/2910.htm
EFSA Journal 2012;10(10):2910 [9 pp.]. doi:10.2903/j.efsa.
2012.2910
European Food Safety Authority
Afﬁliation: European Food Safety Authority (EFSA), Parma, Italy
Abstract
On 19 September, 2012, Séralini et al. published online in the
scientiﬁc journal Food and Chemical Toxicology a publication
describing a 2-year feeding study in rats investigating the health
effects of genetically modiﬁed (GM) maize NK603 with and with-
out Roundup WeatherMAX and Roundup GT Plus alone (both
are glyphosate-containing plant protection products). EFSA was re-
quested by the European Commission to review this publication
and to identify whether clariﬁcations are needed from the authors.
EFSA notes that the Séralini et al. (2012) study has unclear objec-
tives and is inadequately reported in the publication, with many
key details of the design, conduct and analysis being omitted.
Without such details it is impossible to give weight to the results.
Conclusions cannot be drawn on the difference in tumour inci-
dence between the treatment groups on the basis of the design,
the analysis and the results as reported in the Séralini et al.
(2012) publication. In particular, Séralini et al. (2012) draw conclu-0278-6915 2012 Elsevier Ltd.
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Open access under CC BY-NC-ND license.sions on the incidence of tumours based on 10 rats per treatment
per sex which is an insufﬁcient number of animals to distinguish
between speciﬁc treatment effects and chance occurrences of tu-
mours in rats. Considering that the study as reported in the Séralini
et al. (2012) publication is of inadequate design, analysis and
reporting, EFSA ﬁnds that it is of insufﬁcient scientiﬁc quality for
safety assessment. Therefore, EFSA concludes that the Séralini
et al. study as reported in the 2012 publication does not impact
the ongoing re-evaluation of glyphosate, and does not see a need
to reopen the existing safety evaluation of maize NK603 and its re-
lated stacks. EFSA will give the authors of the Séralini et al. (2012)
publication the opportunity to provide further information on their
study to EFSA.
 European Food Safety Authority, 2012
EFSA publishes initial review on GM maize and herbicide
study
Press Release
October 2012
The European Food Safety Authority has concluded that a recent
paper raising concerns about the potential toxicity of genetically
modiﬁed (GM) maize NK603 and of a herbicide containing gly-
phosate is of insufﬁcient scientiﬁc quality to be considered as valid
for risk assessment.
EFSA’s initial review found that the design, reporting and anal-
ysis of the study, as outlined in the paper, are inadequate. To en-
able the fullest understanding of the study the Authority has
invited authors Séralini et al. to share key additional information.
Such shortcomings mean that EFSA is presently unable to re-
gard the authors’ conclusions as scientiﬁcally sound. The numer-
ous issues relating to the design and methodology of the study
as described in the paper mean that no conclusions can be made
about the occurrence of tumours in the rats tested.
Therefore, based on the information published by the authors,
EFSA does not see a need to re-examine its previous safety evalu-
ation of maize NK603 nor to consider these ﬁndings in the ongoing
assessment of glyphosate.
EFSA assessed the paper against recognised good scientiﬁc
practises, such as internationally agreed study and reporting
guidelines.
Per Bergman, who led EFSA’s work, said: ‘‘Some may be sur-
prised that EFSA’s statement focuses on the methodology of this
study rather than its outcomes; however, this goes to the very
heart of the matter. When conducting a study it is crucial to ensure
a proper framework is in place. Having clear objectives and the
correct design and methodology create a solid base from which
accurate data and valid conclusions can follow. Without these ele-
ments a study is unlikely to be reliable and valid.’’
The Director of Scientiﬁc Evaluation of Regulated Products
added that the consideration of possible long-term effects of GMOs
has been, and will continue to be, a key focus of EFSA’s work to
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stage process. A second analysis will be delivered by the end of
October 2012. This will take into account any additional informa-
tion from the study authors, who will be given an opportunity to
supply study documentation and procedures to the Authority to
ensure the broadest possible understanding of their work. It will
also include an overview of Member State assessments of the pa-
per and an analysis from the German authorities responsible for
the assessment of glyphosate.
Main ﬁndings of Initial Review
The task force, whose members were drawn from the Author-
ity’s GMO, pesticide and scientiﬁc assessment units, has outlined
a list of issues about the paper that would need to be resolved be-
fore it could be viewed as well-conducted and properly-reported
study.
The strain of rat used in the two-year study is prone to develop-
ing tumours during their life expectancy of approximately two
years. This means the observed frequency of tumours is inﬂuenced
by the natural incidence of tumours typical of this strain, regard-
less of any treatment. This is neither taken into account nor dis-
cussed by the authors.
The authors split the rats into 10 treatment sets but established
only one control group. This meant there was no appropriate con-
trol for four sets – some 40% of the animals – all of whom were fed
GM maize treated or not treated with a herbicide containing
glyphosate.
The paper has not complied with internationally-recognised
standard methods – known as protocols – for setting up and carry-
ing out experiments. Many of these procedures are developed by
the OECD (Organisation for Economic Cooperation and
Development).
For a study of this type, the relevant OECD guideline speciﬁes
the need for a minimum of 50 rats per treatment group. Séralini
et al. used only 10 rodents per treatment set. The low number of
animals used is insufﬁcient to distinguish between the incidence
of tumours due to chance rather than speciﬁc treatment effects.
The authors have not stated any objectives, which are the ques-
tions a study is designed to answer. Research objectives deﬁne cru-
cial factors such as the study design, correct sample size, and the
statistical methods used to analyse data – all of which have a direct
impact on the reliability of ﬁndings.
No information is given about the composition of the food given
to the rats, how it was stored or details of harmful substances –
such as mycotoxins – that it might have contained.
It is not possible to properly evaluate the exposure of the rats to
the herbicide as intake is not clearly reported. The authors report
only the application rate of the herbicide used to spray the plants
and the concentration added to the rats’ drinking water but report
no details about the volume of the feed or water consumed.
The paper does not employ a commonly-used statistical analy-
sis method nor does it state if the method was speciﬁed prior to
starting the study. The validity of the method used is queried
and there are questions over the reporting of tumour incidence.
Important data, such as a summary of drop outs and an estimation
of unbiased treatment effects have not been included in the paper.
Many endpoints – what is measured in the study – have not
been reported in the paper. This includes relevant information on
lesions, other than tumours, that were observed. EFSA has called
on the authors to report all endpoints in the name of openness
and transparency.
Review of the Séralini et al. (2012) publication on a 2-year
rodent feeding study with glyphosate formulations and GM
maize NK603
Letter to Prof. Séralini regarding EFSA’s Review of the Séralini
et al. (2012) publication on a 2-year rodent feeding trial with Gly-
phosate Formulations and GMmaize NK603 as published online on19 September, 2012 in Food and Chemical Toxicology, 4 October,
2012
Notes to editors:
EFSA set up a multi-disciplinary task force in response to an ur-
gent request from the European Commission to evaluate a paper
by Séralini et al. to assess whether its ﬁndings could lead the
Authority to reconsider its previous opinion on maize NK603.
The two-year study, published in the journal Food and Chemical
Toxicology on 19 September, 2012, has suggested that consump-
tion of the GM maize and a herbicide containing glyphosate at lev-
els below ofﬁcially-safe limits are linked to a reported increase in
incidence of tumours in rats.
For media enquiries please contact:
EFSA Media Relations Ofﬁce
Tel.: +39 0521 036 149.
E-mail address: Press@efsa.europa.eu
EFB – European Federation of Biotechnology Press Release
Subject: EFB position on Séralini et al. (2012) publication on
reported toxicity of Roundup-tolerant genetically modiﬁed
maize.
The European Food Safety Authority has just released a review
of the paper by Séralini et al. published by Food and Chemical Tox-
icology. EFSA highlights the multiple limitations of the study, both
in the experimental design and in transparently reporting the data.
EFSA critiques are largely consistent with the observations of a
wide number of scientists who reviewed the paper ﬁndings, soon
after its publication.
The European Federation of Biotechnology would like to stress
two additional aspects of this event.
The ﬁrst one is the peculiar way the authors handled the com-
munication about the study and its dissemination: a very unusual
strategy for researchers, more focused to its impact on the media
than to the science behind their ﬁndings.
It is reported by several journalists that early access to the pa-
per before publication was only allowed upon signature of a very
peculiar non disclosure agreement: such an agreement would have
prevented the journalists from approaching third-party research-
ers for comment.
Additionally, a dedicated website opened at the same time of
the release of the paper, with dedicated dissemination material,
and ready-to-use messages. The paper also anticipates the release
of a book, mostly based on those ﬁndings.
The second aspect is the peer-review process this paper was
subject to.
The Federation cannot explain how the reviewers chosen by the
Journal did not address the same major observations highlighted
by the EFSA and the scientiﬁc community at large. Nor our com-
munity can explain how Food and Chemical Toxicology allows
the publication of images and graphics with emotional rather than
scientiﬁc relevance. This paper represents a dangerous case of fail-
ure of the peer-review system, which threatens the credibility not
just of the Journal but of the Scientiﬁc method overall.
Actions like Seralini’s, contributed to heating the debate around
GMOs in Agriculture with emotional values. Scientiﬁc Journals and
Scientists should play a key independent role in this scenario:
when they are subject to other agendas, they renounce to their
function in Society.
For these reasons the European Federation of Biotechnology in-
vites the authors to retract their paper and provide a transparent
list of their funding sources, and urges the Scientiﬁc Community
to improve the quality of the peer-review process in order to avoid
in the future similar results, that only create unjustiﬁed panic and
do not serve Society.
4th October, 2012
Em. Prof. Marc Van Montagu
President, EFB
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The German Federal Institute for Risk Assessment (BfR) is of
the opinion that the experimental data do not support the main
statements in the publication. Further, due to shortcomings in
the study design as well as in the presentation and interpreta-
tion of the data, relevant conclusions drawn by the authors
are not comprehensible.
29/2012, 01.10.2012
[Séralini et al. scientiﬁc publication reviewed by BfR]
The thesis that rats, their lives received genetically modiﬁed
corn die earlier than animals that are fed conventional corn is
experimentally not sufﬁciently documented. That is the conclusion
of a review that ‘‘long term toxicity of a Roundup herbicide and a
Roundup-tolerant genetically modiﬁed maize’’ by Gilles-Eric Séra-
lini and others in the journal ‘‘Food and Chemical Toxicilogy’’ car-
ried out by the Federal Institute for risk assessment (BfR) after the
publication. ‘‘The study has both weaknesses both in the design
and statistical reporting, so that the conclusions of the authors
are incomprehensible’’, says Professor Dr. Reiner Wittkowski, Vice
President of the Federal Institute. Also the statement that Roundup
will lead the time lapse of the glyphosate product to serious dam-
age to health and earlier death, is not sufﬁciently documented.
Many long term studies exist to glyphosate as herbicide m active
substance. Cancer, a higher mortality rate, or effects on the endo-
crine system of animals as they the authors in the publication re-
port have not been observed in these studies.
Mid September 2012 a scientist team led by Gilles-Eric Séralini,
at the University of Caen in France published the results of a lon-
gitudinal study with rats, glyphosate tolerant, genetically modiﬁed
corn was been administered. A part of genetically modiﬁed maize
had been thus treated with a glyphosathaltigen plant protection
product (Roundup), another part was untreated. The corn was each
given in three doses. In addition, Roundup were given other ani-
mals were fed conventional feed, via the drinking water at three
doses. A control group was fed with nongenetically modiﬁed corn.
The authors report that the animals in some of the test groups of
early tumors and other organ damage would have developed and
died earlier than in the control group. The results could be caused
by hormone effects of Roundup as well as ingredients of geneti-
cally modiﬁed corn.
The Federal Institute for risk assessment (BfR) has evaluated the
study with regard to the relevance for the health risk assessment of
genetically modiﬁed, glyphosate tolerant corn, and also for the
assessment of the health risk of glyphosate as the active substance.
Based on the publication, the BfR comes to the conclusion that the
key messages of the publication are experimentally not sufﬁciently
documented. Main conclusions of the authors are also incompre-
hensible due to the inadequacies of the study design and the type
of presentation and interpretation of the data.
In particular, the too small number of animals per group, which
corresponds to the recommendations international qualiﬁcation
recognised standards for studies on the carcinogenic effect is crit-
icised in the study. Used rat tribe has a relatively high spontaneous
tumour rate especially for breast and Hypophsen tumoren, and the
number of animals used is not sufﬁcient to evaluate the differences
between the test and control groups, alleged by the authors. The
thesis of the authors who observed effects could be based on
endocrine adverse effects, are not sufﬁciently covered in the infor-
mation collected. The BfR still criticised that no provision of the
dose was the investigations with the glyphosat haltigen plant
protection product Roundup. Also, the data collected are only
imperfectly set forth.The BfR has asked the authors due to these weaknesses of the
study to make the full study report including the individual animal
data available and in addition speciﬁc questions asked to allow a
further evaluation of the reported effects.
About the BfR
The Federal Institute for risk assessment (BfR) is a scientiﬁc
institution in the Division of the Ministry of food, agriculture and
consumer protection (BMELV). It advises the Federal Government
and the Federal States on questions of food, chemicals and product
safety. The BfR operates its own research to topics that are closely
related with his assessment tasks.
No evidence of cancer and tumour due to GM corn and/or Her-
bicide, is the Opinion of the German Agency.
Two documents in German:
http://www.bfr.bund.de/cm/343/veroeffentlichung-von-seralini-
et-al-zu-einer-fuetterungsstudie-an-ratten-mit-gentechnischvera-
endertem-mais-nk603-sowie-einer-glyphosathaltigen-formulie
rung.pdf
http://www.bfr.bund.de/de/presseinformation/2012/29/studie_
der_universitaet_caen_ist_kein_anlass_fuer_eine_neubewertung_
von_glyphosat_und_gentechnisch_veraendertem_mais_nk_603-
131728.html
Ofﬁcial English translation of main report:
http://www.bfr.bund.de/cm/349/feeding-study-in-rats-with-
genetically-modiﬁed-nk603-maize-and-with-a-glyphosate-con-
taining-formulation-roundup-published-bei-seralini-et-al-2012.
pdf
Feeding study in rats with genetically modiﬁed NK603 maize
and with a glyphosate containing formulation (Roundup) pub-
lished by Séralini et al. (2012)
BfR-Opinion 037/2012 of 1 October 2012
In mid-September 2012, a scientiﬁc team headed by Gilles-Eric
Séralini at the University of Caen in France published the results of
a long-term study with rats which had been fed genetically mod-
iﬁed glyphosate-tolerant NK603 maize. One part of the maize
had been treated with a glyphosate-containing plant protection
product (Roundup) during cultivation, whereas another part was
untreated. In each case the maize was administered in three doses.
In addition, other animals fed with conventional feed received
Roundup via the drinking water, also in three doses. The only con-
trol group was fed a non-genetically modiﬁed maize. The authors
reported that the animals in some of the test groups developed in-
creased incidences of several tumours and other non-neoplastic le-
sions and died earlier than animals in the control group. The effects
could have been caused by hormonal effects of Roundup and spe-
ciﬁc constituents of the genetically modiﬁed maize, respectively.
The Federal Institute for Risk Assessment (BfR) has evaluated the
study in terms of its relevance for the evaluation of the health risk
of genetically modiﬁed glyphosate-tolerant maize NK603 and also
with regard to the evaluation of the health risk of the glyphosate-
containing formulation. On the basis of the publication, the BfR has
come to the conclusion that the authors’ main statements are not
sufﬁciently corroborated by experimental evidence, due to deﬁ-
ciencies in the study design and in the presentation and interpre-
tation of the study results. Therefore, the main conclusions of the
authors are not supported by the presented incomplete data. The
study does not comply with internationally recognised standards
for long-term carcinogenicity studies. The rat strain used shows
a relatively high spontaneous tumour rate, especially for mam-
mary and pituitary tumours, and the number of animals used
was too small and insufﬁcient for assessing the claimed differences
between the test groups and the control group. Also the authors’
hypothesis that the observed effects could result from adverse ef-
fects on the endocrine system is not sufﬁciently supported by the
data presented. Furthermore, the BfR criticises that the glyphosate
dose administered was not determined in the studies with the
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these deﬁciencies the BfR has asked the authors to provide the
complete study report including the individual animal data. More-
over, it has asked speciﬁc questions in order to allow for a further
evaluation of the reported effects.
1. Subject
This opinion refers to the study ‘‘Long term toxicity of a Round-
up herbicide and a Roundup-tolerant genetically modiﬁed maize’’
published by Séralini and co-authors in the journal Food and
Chemical Toxicology on 19 September, 2012 (Séralini et al., 2012).
2. Result
After having reviewed the publication, the German Federal
Institute for Risk Assessment (BfR) is of the opinion that the exper-
imental data do not support the main statements in the publica-
tion. Further, due to shortcomings in the study design as well as
in the presentation and interpretation of the data, relevant conclu-
sions drawn by the authors are not comprehensible.
For further assessment, the BfR has asked the authors to provide
the complete study report including the individual animal data and
has also put forward speciﬁc questions. This request has not yet
been answered.
3. Justiﬁcation
Based on scientiﬁc opinions of the European Food Safety
Authority (EFSA) (EFSA, 2003a,b), the NK603 maize that was used
in the study was authorised for feed use in accordance with Direc-
tive 2001/18/EC on 19 July, 2004 and for food use in accordance
with Regulation (EC) No 258/97 on 10 October, 2004. An applica-
tion for renewal of these authorisations in accordance with Regu-
lation (EC) No 1829/2003 was already assessed by EFSA (EFSA,
2009).
The active ingredient in the Roundup formulation used in the
study was glyphosate which was included in Annex I of Directive
91/414/EEC in 2002 for a ten-year period based on Directive
2001/99/EG from 20.11.2001 (European Commission, 2002). The
submitted data were evaluated in the monograph (Draft Assess-
ment Report, DAR) by Germany as Rappor-teur Member State
(RMS) with the involvement of the BgVV, the predecessor of the
BfR, in 1998. This comprehensive assessment in the DAR has been
supplemented several times. Following a decision of the European
Commission, the inclusion of glyphosate in Annex I was prolonged
until 31 December, 2015 with Directive 2010/77/EC from 10
November, 2010. Currently, a renewal of the assessment of gly-
phosate is ongoing within the AIR2 programme based on Regula-
tion (EC) No 1141/2010. Germany acts again as RMS and will,
with involvement of the BfR (responsible for drafting the chapters
on toxicology, residues and analytical methods), establish a new
DAR that will be discussed in the framework of the Community
centralised procedure led by EFSA. Numerous glyphosate contain-
ing plant protection products have been authorised in EU countries
(currently 75 herbicides in Germany including 13 different Round-
up formulations).
Beside studies on potential health effects from genetically mod-
iﬁed NK603 maize the researchers led by Gilles-Eric Séralini had
published a series of papers on effects of glyphosate containing
plant protection products. Some of them (Richard et al., 2005;
Benachour et al., 2007; Bellé et al., 2007; Gasnier et al., 2009;
Benachour and Séralini, 2009) had been already commented by
the BfR.
The aim of the now published study by Séralini and co-authors
was to examine potential effects of the genetically modiﬁed gly-phosate-tolerant NK603 maize and of one glyphosate containing
formulation (Roundup) administered to rats over two years.
Groups of 10 male and 10 female Sprague Dawley rats (Harlan)
were fed diets containing 11, 22 or 33 per cent of NK603 maize
(Monsanto Corporation, USA), which had been treated or not trea-
ted with Roundup during cultivation. The diet for the control group
contained 33 per cent of a non-genetically modiﬁed maize line. The
animals of another test series received drinking water containing
1.1 x 10–8, 0,09 or 0,5 per cent Roundup .
The authors concluded from the results of the study that the
mortality of female animals in all treated groups as well as male
animals in three of the groups that had received NK603 maize
was higher than in the control group and deaths occurred earlier.
According to the authors, all results were hormone and sex depen-
dent, and the pathological proﬁles were comparable. It was postu-
lated that females developed more frequently large tumours of the
mammary gland, and the pituitary was the second most affected
organ. In treated males, pathologic lesions in the liver (congestions
and necrosis) and kidney (severe nephropathies) were more fre-
quent, the latter was conﬁrmed by biochemical data. The authors
further indicated that these results could be explained by nonlin-
ear endocrine-disrupting effects of Roundup, but also by overex-
pression of the transgene in the NK603 maize and its metabolic
consequences.
BfR noticed with interest that for the ﬁrst time a long-term
feeding study was performed with a glyphosate containing formu-
lation. Long-term studies were not yet available because for regu-
latory purposes such studies are worldwide requested only with
the active substances. Glyphosate itself has been comprehensively
tested. Numerous long-term studies in rats and mice showed no
indications of either a carcinogenic potential or increased mortal-
ity or any effects on the endocrine system, as reported by Séralini
and co-authors in their publication.
However, the BfR is aware of certain co-formulants, in particu-
lar surfactants from the group of polyethoxylated alkyl amines
(POEA, often designated as tallow amines), that might affect the
toxicity of glyphosate containing herbicides. The toxic effects are
in some cases more severe compared to studies with the active
ingredient. Therefore, the results of the study performed by
Séralini’s group could provide an experimental contribution to
the elucidation of the possible inﬂuence of formulants on long-
term effects of plant protection products.
While the performance of a long-term study in the case of the
glyphosate containing formulation is in principle appreciated, it
needs to be mentioned that the published study shows signiﬁcant
shortcomings in the study design and further shortcomings due to
incomplete and unclear presentation of the collected data. Further-
more, the main statements were not supported by the experimen-
tal data. As outlined in detail below, it is therefore impossible to
comprehend the main conclusions of the authors.
3.1. Comments on the study design
Long-term studies are highly complex and elaborate as rats
spontaneously develop tumours and other age-related alterations.
The published study was not conducted in accordance with inter-
nationally accepted standards, such as OECD Test Guidelines No.
451 or 453 (OECD, 2009a,b). Instead, the authors have chosen a
study design (OECD Test Guideline No. 408) that was developed
for 90 day (subchronic toxicity) studies (OECD, 1998). Therefore,
only 10 animals per sex instead of 50 have been assigned to each
group.
However, subchronic studies show a substantially lower varia-
tion of age-related pathological changes between animals within a
group while those changes are inevitable in long-term studies. As
the published study has conﬁrmed, the two-year duration of the
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Sprague Dawley strain that was used in the study. This strain, pro-
vided by the breeder Harlan, is known to develop spontaneous tu-
mours, particularly mammary and pituitary tumours, at relatively
high rates compared to other strains (Seite Brix et al., 2005; Dinse
et al., 2010). Therefore, it can be expected that a signiﬁcant number
of animals develop age-related illnesses or die for diverse reasons
already during conduct of the study. The distribution of the cases
of death between groups can be random, and a number of 10 ani-
mals per sex and group is too low to conﬁrm a trend or an effect.
Furthermore, no statements on statistically signiﬁcant dose–
response-relationships can be made. Larger sample sizes, as rec-
ommended for carcinogenicity studies in OECD Test Guidelines
No. 451 or No. 453, would be required in order to allow precise
statements with respect to the ﬁndings.
Regarding the design of the study, another point of criticism is
that the mean levels of the daily applied doses of Roundup have
not been determined. It should also be noted that the glyphosate
containing formulation (Weather-MAX) used for the treatment of
NK603 maize during cultivation was different from the formula-
tion (GT Plus) used in the test series with Roundup. Further details
on the composition of the applied formulations are lacking.
The publication does not inform whether the diets of all groups
contained a total of 33 per cent maize, i.e. whether the diets with
11 and 22 per cent have been supplemented with non-genetically
modiﬁed maize. The only information given by the authors is that
balanced diets were fed and that these diets were considered ‘‘sub-
stantially equivalent’’ except for the newly introduced gene. How-
ever, detailed information on the composition of the diets is
lacking. Moreover, data on feed and water consumption as well
as body weight development are missing. The question therefore
is, whether balanced diets really had been administered. There
are also no further details on the identity of the control maize line
that is referred to as ‘‘nearest isogenic non-transgenic control’’.
Furthermore, it has to be critically stated that the maize varieties
used in the study were not analysed for the presence of
mycotoxins.
3.2. Comments on the presentation of results
The ﬁrst part of the study considers mortality, tumour inci-
dences and other pathological changes and contains descriptive
data while statistical analyses are lacking. The presentation of
the data in percentage terms or as ‘‘x times more’’, suggest more
impressive results compared to absolute ﬁgures.
The BfR is of the opinion that the treatment-related increase in
mortality as reported by the authors is not conﬁrmed by the pub-
lished data. The two cases of death caused by Wilms’ tumours
(nephroblastoma) in male animals of two not clearly indicated test
groups fed with Roundup treated NK603 maize are not chemically
induced and are correctly not claimed to be treatment-induced.
Therefore, they should not be used as evidence for a higher mortal-
ity compared to the non treated control group. Likewise, no effects
of Roundup on the mortality of male rats can be detected.
In female rats mammary tumours are indicated as the main
cause of mortality. However, this type of tumour occurs rather fre-
quently particularly in Sprague Dawley rats and if feed is offered
ad libitum. In the current study this type of tumour also occurred
in approximately 50 per cent of the animals in the control group.
As outlined above, the number of animals is not sufﬁcient for an
assessment of the difference to the treated animals (60–100 per
cent without a clear dose dependence). The reported comparison
with historical control data published in 1992 is not acceptable.
The incomplete and undifferentiated presentation of the data
makes evaluation very difﬁcult. For example, it is absolutely insuf-
ﬁcient to mention only ﬁndings in liver and the digestive tract, asdone in Table 2, without characterising them from a differential
diagnostic standpoint and assessing the grade of severity. Further,
the graphs demonstrating mortality and tumours, respectively, are
not always in agreement with the statements in the text or cannot
be followed, as in the case of the observed deaths caused byWilms’
tumours.
A statistical analysis was only performed for the biochemical
parameters. This was done with a special kind of principal compo-
nent analysis (OPLS-DA = Orthogonal Partial Least Squares Dis-
criminant Analysis), but results were only presented for one
group (females that had received feed with 33 per cent NK603
maize compared to the control group). In addition, Figure 5, pre-
senting biochemical parameters, is difﬁcult to understand. Their
assessment would require data of all measurement time points.
3.3. Comments on the mechanisms suspected by the authors
One hypothesis of the authors was that speciﬁc compound(s)
present in the genetically modiﬁed NK603 maize and in the ap-
plied glyphosate containing formulation, respectively, could ac-
count for the observed increased tumour incidences, particularly
in female test animals, by affecting the endocrine system. How-
ever, the BfR is of the opinion that no convincing arguments have
been provided to support this.
The following points are discussed.
The authors indicate that most of the observed effects show a
non-monotonic dose–response-relationship and show a threshold.
They consider this as a clear indication that the endocrine system
is adversely affected. The authors refer to a recent review pub-
lished by Vandenberg et al. (2012). However, a detailed look into
this paper reveals that its content is not correctly reﬂected by
Séralini et al. Vandenberg et al. explicitly question the existence
of a threshold for adverse effects induced by endocrine disruptors.
Thus the cited literature is not suitable to support the authors’
claims. Furthermore, the presence of a non-monotonic dose–
response-relationship does not mean that the effects are caused
by an impairment of the endocrine system. Non-monotonic
dose–response-relationships have also been described for other
substances. For example some essential minerals show a non-
monotonic dose–response-relationship (Stern, 2010; Calabrese,
2008) yet without affecting the endocrine system. Considering a
non-monotonic dose–response-relationship, a quantitative rela-
tionship between the dose and the effect is observed which,
however does not proceed in a monotonic manner over the exam-
ined dose range. Instead of a non-monotonic dose–response-
relationship, the data presented does not allow the identiﬁcation
of any obvious relationship between the observed adverse effects
and the applied dose. Rather, the datasets consisting of 3 dose
levels and the control group with animal numbers less than 10
per group and sex show no statistically signiﬁcant relationship
between the observed effects and the applied dose.
To further support their thesis the authors refer to their results
obtained by measurement of testosterone and estradiol levels (Fig-
ure 5B). The ﬁgure presents the data for hormone levels of the sin-
gle female animals of the control group and the group, which had
received a diet with 33 per cent NK603 maize, 15 months after the
commencement of the study. A balanced scientiﬁc discussion
should include a critical discussion of speciﬁc points by the
authors. For example, statistically signiﬁcant differences in hor-
mone levels might easily be assessed on the basis of mean values
plus standard deviation. However, Figure 5B does not provide a
clear basis to perform a statistical evaluation with sufﬁcient accu-
racy. In addition, the respective data for male animals were not
shown. Furthermore, the natural variation in hormone levels
caused by the circadian rhythmic and during the estrous cycle
was not acknowledged by the authors as a possible cause for the
472 Letter to the editor / Food and Chemical Toxicology 53 (2013) 467–472results given in Figure 5. It is also known that Sprague Dawley rats
develop estrous cycle abnormalities relatively early (from 4 to
6 months of age; OECD, 2009c). The differences observed between
treated and control animals 15 months after study begin could
thus also be due to variations in hormone levels independent of
the applied substances. If the authors were right in stating that
the particularly higher incidence of mammary tumours could be
related to the estradiol level, one would expect a statistically sig-
niﬁcant difference in the estradiol level of the female animals in
the group, which had received a diet with 33 per cent NK603
maize, when compared to the control animals. However, this is
not identiﬁable on the basis of the data presented.
The authors also hypothesise that NK603 maize and Roundup
could cause hormonal disturbances via an impact on the oestrogen
system. In this respect, the authors regard lower contents of spe-
ciﬁc organic acids (caffeic and ferulic acid) present in NK603 maize
as being responsible for the observed effects. These acids are
claimed to exert protective effects in the experimental animals
and to impact on the oestrogen metabolism. However, signiﬁcant
differences in the oestrogen levels of female animals in the group
fed with 33 per cent NK603 maize cannot be identiﬁed on the basis
of the data presented. Additional factors, for example a possible
modulation of the ER-receptor expression have not been addressed
experimentally. Furthermore, the discussion of possible protective
effects by plant constituents on tumour development does not re-
ﬂect the current state of scientiﬁc knowledge. With regard to ef-
fects induced by the glyphosate containing formulation, the
authors discuss the possibility of aromatase inhibition as well as
an interaction with cellular oestrogen or androgen receptors. How-
ever, these anticipated mechanisms have not been tested experi-
mentally in this work. They are based on results from in vitro
studies, which have been questioned by the BfR in previous opin-
ions. The thesis of the authors that the observed effects could re-
sult from adverse effects on the endocrine system, exerted by
the genetically modiﬁed NK603 maize and Roundup, respectively,
are therefore not sufﬁciently supported by the experimental data
presented in the publication.
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